Abstract. We present an example of a tool for quantifying the burden, the population in need of intervention and resources need to contribute for the control of soil-transmitted helminth (STH) infection at multiple administrative levels for the region of Latin America and the Caribbean (LAC). The tool relies on published STH prevalence data along with data on the distribution of several STH transmission determinants for 12,273 sub-national administrative units in 22 LAC countries taken from national censuses. Data on these determinants was aggregated into a single risk index based on a conceptual framework and the statistical significance of the association between this index and the STH prevalence indicators was tested using simple linear regression. The coefficient and constant from the output of this regression was then put into a regression formula that was applied to the risk index values for all of the administrative units in order to model the estimated prevalence of each STH species. We then combine these estimates with population data, treatment thresholds and unit cost data to calculate total control costs. The model predicts an annual cost for the procurement of preventive chemotherapy of around US$ 1.7 million and a total cost of US$ 47 million for implementing a comprehensive STH control programme targeting an estimated 78.7 million school-aged children according to the WHO guidelines throughout the entirety of the countries included in the study. Considerable savings to this cost could potentially be made by embedding STH control interventions within existing health programmes and systems. A study of this scope is prone to many limitations which restrict the interpretation of the results and the uses to which its findings may be put. We discuss several of these limitations.
Introduction
Soil-transmitted helminthiasis (STH), is the most prevalent of the so-called "Neglected Infectious Diseases" (NIDs), a group of conditions which disproportionately affect poor and marginalized groups, leading to a high burden of morbidity and exacerbating inequalities. The infectious agents are certain species of parasitic worms-helminths, notably Ascaris lumbricoides, Trichuris trichiura and the hookworms (Ancylostoma duodenale and Necator americanus) that inhabit the gastrointestinal tract where they survive for up to four years producing many thousands of eggs per day that are passed by the host in the faeces and may survive in the external environment, remaining viable for several years (Hotez et al. 2006) ." Infection occurs when fertile eggs are ingested from contaminated water or vegetables grown in contaminated soil or, for hookworm infections, when larval forms penetrate the naked feet from the ground below. Rural conditions of poor sanitation where there is a lack of safe water and inadequate disposal of human excreta therefore sustain transmission of the STH. Other determinants include age (intensity of infection usually peaks in childhood), lack of education, poor living conditions, living in a wet, tropical climate and being involved in agricultural activities (Smith et al., 2001) . These infections rarely cause death but their public health consequences are manifest in the chronic, insidious effects that the condition has such as malnutrition, anaemia, impeded growth and increased susceptibility to other infections (Montresor et al., 1998) . The STH account for 13.8% of the combined burden of the NTDs in terms of disability-adjusted life years (DALYs), as described by Murray and Lopez (1997) and 7% in terms of mortality in Latin America and the Caribbean (LAC), the second highest of those diseases after Chagas' disease (Bitrán et al., 2009) .
In both pre-school (1-4 years) and school-aged (5-14 years) children, the age-groups most at risk, STH infection stunts physical growth and impairs the development of cognitive function, hampering performance and attendance within the education system and ultimately hindering economic development (Montresor et al., 1998; Smith et al., 2001; Hotez et al., 2006) . Social absenteeism, decreased worker-productivity, low self esteem and social exclusion are among the longer-term consequences (WHO, 2006) . The recommended control strategy is a population-based approach whereby all members of a target population receive treatment with anthelminthic drugs, usually albendazole or mebendazole, regardless of infection status. This kind of preventive chemotherapy (PCT), known as mass drug administration (MDA), can be rolled out cheaply and it is justified as there are no negative consequences for uninfected individuals receiving the drug (WHO, 2006) 1 . However, an integrated approach tackling determinants like water and sanitation access is necessary for achieving and sustaining control goals.
There are not enough data available on STH prevalence at sub-national level in LAC. There is a need for statistical and geospatial tools that can accurately characterise the size and spatial distribution of the population-at-risk of STH infection, including stratification of areas by infection risk, in order to implement cost-effective control measures on a large scale (Brooker and Michael, 2000; Brooker et al., 2006) . Increasingly, geographical information systems (GIS) are being employed to understand, model and predict the distribution and trends of infectious diseases in general and helminthiases in particular, to serve as inputs for programmatic decision-making Brooker, 2007; Sturrock et al., 2009; Zhou et al., 2009) . Furthermore, several attempts have been made to quantify the burden 2 , the population in need of MDA 3 and the resource needs for the control 4 of STH at the global, regional, national and sub-national levels. To our knowledge, no tool exists that can estimate issues things at multiple levels. We present an example of such a tool for LAC that uses published STH prevalence data along with data on the distribution of several transmission determinants. In an attempt to provide inputs for programmatic decision-making, the specific aims of the study were to: (i) compile a database of indicators of socio-economic determinants of STH transmission for the second-level administrative units (municipalities) in the countries of the LAC region; (ii) construct an aggregate index of STH risk based on the statistical association of these indicators with published STH prevalence estimates and their relative proximity as determinants; (iii) apply a regression model to the index to predict the prevalence of STH for every second-level administrative unit in every country in LAC for which data are available; and (iv) estimate the number of cases of STH in children and the number of rounds of MDA, the number of doses of albendazole 5 and the financial resources for purchasing and delivering drugs that would be required to treat all the children according to the WHO guidelines.
Materials and methods

Indicators of determinants of STH transmission
We compiled a list of what might be called "socioeconomic determinants" of STH transmission, that is to say, factors related to individual living conditions and socio-economic circumstances that are independent of environmental or ecological factors but known to be determinants of specific individual's risk of being infected with STH. The following factors were selected: (i) living in a house that has dirt or earth floors (Gamboa et al., 1998; Morales-Espinoza et al., 2003; Cattaneo et al., 2007) ; (ii) lack of education 6 ; (iii) crowded living conditions 7 ; (iv) lack of access to safe drinking water 8 ; (v) lack of access to sanitation facilities 9 ; and (vi) poverty 10 .
Next, a review of data sources was conducted to identify indicators for each of these determinants that are available for second-level administrative units of countries in the LAC region. Most of the countries of this region make available online detailed census data relating to various aspects of their populations and households that can be disaggregated to sub-national levels. Therefore these data were consulted for information relating to STH determinants. Several important countries did not have census data publicly available at sub-national levels (notably Haiti, Jamaica and Cuba). These countries were therefore excluded from the study as were the smaller countries of the Caribbean as they are not classified as STH endemic countries. For the remaining, the following information was gathered:
Living in a house that has dirt or earth floors
Almost all of the countries for which data was available included in their census some kind of question about the principal material used in the construction of the floors of the respondent's dwelling and had "earth" or "dirt" ("tierra" in Spanish) as one of the possible responses. The notable exceptions to this were Brazil, Guyana, Suriname and Uruguay whose published census data did not contain information on floor material.
Lack of education
Several indicators were considered for inclusion (including the adult literacy rate) but many were found not to be available for every country. The variable that was available for the most countries was the proportion of the population aged ≥15 years with no secondary education (no schooling above primary level), so this was selected as a proxy for lack of education.
Overcrowded living conditions
The measure that was chosen as an indicator here was the average number of residents per household, an indicator often referred to in the literature as the "average household size". This is a fairly crude measure and one can think of many biases and other problems that might affect it. More sophisticated indicators are available (e.g. the proportion of households with ≥x number of residents per bedroom) but the data necessary to calculate these were not available for many of the countries in the study, whereas the average residents per household requires only very basic data that is available for all the countries at sub-national level.
Lack of access to safe drinking water
The categories of water sources differ considerably from country to country so a methodology was needed to standardise the classification of sources into "safe" and "unsafe". The website of the WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation (2003, 2010) gives definitions of "improved" and "unimproved" sources of drinking water as well as reports for each country summarising the sources of data on water coverage (including censuses) and specifying how the nationallevel coverage rates were calculated based on the variable categories used. By applying the same methodology to the individual administrative units that the JMP applies at the national level, it was possible to calculate the proportion of households lacking access to improved drinking water sources at the sub-national levels. In some cases, it was necessary to adjust the figures in order to take into account, for example, the proportion of traditional wells that are "improved". In other cases, it was necessary to disaggregate the data according to whether the administrative unit is urban or rural as the proportions differ according to area of residence.
Lack of access to sanitation facilities
Almost all of the national censuses analysed had collected data on the household facilities for collecting and disposing of human excreta and waste waters. The JMP sanitation country reports specify, for each country and data source, how the variable categories translate into "improved" and "unimproved" sanitation facilities. This methodology was employed by this study to calculate the proportion of households lacking access to improved sanitation facilities at the second level of administrative division.
1
In fact, minor adverse events that have been reported but they are temporary and mainly occur in infected individuals in the first round of treatment as a result of the body's response to the dying of the worm. de Silva and others apply a methodology (originally employed by Chan and colleagues) that relies on the observed relationships between prevalence and intensity of infection to national level prevalence estimates, which represent the averages of prevalences obtained from individual studies in each country based on a literature search (Chan et al., 1994; de Silva et al., 2003) . The Pan American Health Organization (PAHO) present information from the same database of STH prevalence estimates as used in this study, but analyse it only at the country level (PAHO, 2009 ).
3
The World Health Organization (WHO) applies a new algorithm to national level epidemiological, demographic, sanitation and ecological data in order to estimate the number of children requiring PCT for STH and then sum these and present them at national and global level (WHO, 2011). 4 Bitran and others calculate the costs associated with the control and elimination of the neglected tropical diseases (NTDs) in LAC, including STH (Bitrán et al., 2009). 5 In this analysis we consider only albendazole and not other antihelminthic drugs because this is the drug that most countries in LAC report using in their STH programs and the one for which the best unit cost data is available.
6
Children with less educated mothers (Quihui et al., 2006) , parents or guardians (Maia et al., 2009; Hui, 2011) found that STH infection rate decreased alongside increases in health knowledge following education interventions. Household size (Asaolu et al., 1992) , family size (Al-Mekhlafi et al., 2007) , overcrowding . 8 Lack of access to safe drinking water (Gamboa et al., 1998; Morales-Espinoza et al., 2003; Brooker et al., 2006; Hotez et al., 2006) ; using untreated water supply (Ahmed et al., 2011). 9 A systematic review and meta-analysis revealed that sanitation is associated with a reduced risk of transmission of STH (Ziegelbauer et al., 2012) .
10
Low household income (Quihui et al., 2006; Al-Mekhlafi et al., 2007) , socio-economic status , wealth (Balen et al., 2011 Proportion of households "with tap-number 1, 2" ("Woonverblijven met leidingwater 1,2 -aantal").
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Poverty
Several countries make data available on indicators of poverty at sub-national level either as a predefined indicator as part of their reporting of census data (if they are derived from this source) or on the website of their respective statistical authorities. In some cases, the human development index (HDI) was available at this level, while in others, indicators based on some definition of unsatisfied basic needs had been calculated. However, this was by no means the case for all the countries and in those cases where an indicator of poverty was available, it usually incorporated some aspect of the other indicators of determinants already considered in this study with respect to its calculation. We therefore decided that indicators of poverty would not be included in the analysis. Table 1 presents the source and year of the data for each major country in LAC, whether each of the five risk-factor indicators was available at the sub-national level and, if so, at what level. The results of this review was a database of 12,273 sub-national administrative units (most at the second level, but some at the firstfor brevity these units are referred to as "municipalities" even if by no means every country uses the Spanish term "municipio") in 22 LAC countries which provided the following information for each unit: (i) earth floors: the proportion of households with floors made only of earth or dirt; (ii) education: the proportion of the population ≥15 years with no secondary education; (iii) overcrowding: the average number of residents per household; (iv) lack of water: the proportion of households that lack improved drinking-water sources; and (v) lack of sanitation: the proportion of households that lack improved sanitation facilities. Table 2 summarises key features of these five indicators. Importantly, four of the indicators are proportions, while just one (overcrowding) is a continuous variable. This was to have important consequences when it came to assigning weights to the variables.
STH prevalence data
The Pan American Health Organization (PAHO) has compiled a database based on a systematic review of estimates of prevalence and intensity of STH infections at the second-administrative level in LAC published between 2000 and 2010. Details of the criteria for inclusion in this database have been described elsewhere (Saboyá et al., 2011) . For the purposes of this study, we further excluded all data points that did not meet the following criteria: (i) estimated prevalence in school-aged children (age 5-14 years) or preschool-aged children (age 1-4 years); (ii) estimated cumulative STH prevalence (i.e. prevalence of any worm infection); (iii) estimated prevalence of any category of infection (i.e. estimates of prevalence of only high-intensity infections were excluded); and (iv) pertained to countries for which there were data on the selected determinants (data points from Haiti and Cuba were excluded based on this criterion; Jamaica did not meet this criterion either but was already excluded based on the previous criteria). Where there was more than one prevalence estimate in the same administrative unit in different years, we included only the most recent estimate. Where there was more than one estimate in the same unit in the same year, we took the mean of the values. In the case of Belize, the prevalence data were estimated at the first administrative level (the district) but the determinants applied to the second level (the village or town). We therefore summed the indicators up to the level of the district, which was justified by the fact that the Belize districts are of similar geographical and population size to many second-level administrative units in other countries. The resulting indicators are described in Table 2 . of these determinants to the outcome in the analysis of the association of multiple variables on a health outcome. According to the framework proposed, lack of water and sanitation and earth floors impact very directly on the STH risk so they are classified as proximate determinants, while overcrowding is a more distal determinant and lack of education more distal still. This is because these factors act through a number of interrelated causal pathways, a chain of more proximate determinants that it is not possible to measure in this analysis (Victora et al., 1997) . Proximity in this framework will be taken into account when aggregating the indicators into a single STH risk index. The more distal the determinant, the less weight its corresponding indicator will be assigned in contributing to the index.
Conceptual framework
Geographical distribution of determinants of STH transmission
In Figs. 2-5, the distribution of each of the five variables at the sub-national level (second-level of administrative division) have been mapped onto four subregions of LAC. The colour-scales have been divided into 20% increments with the exception of the education variable -which had a higher distribution and was therefore divided at the 60% level and then at 10% increments -and the overcrowding variable, which is not a proportion but a continuous variable and was therefore divided at 3.5 and then at increments of 0.5.
The Southern Cone countries
What is immediately obvious from the maps of the Southern cone countries of Uruguay (for which only data on overcrowding were available), Argentina, Chile and Paraguay, is that for nearly all the indicators, it's possible to discern a gradient. This runs from the South and middle of Argentina, where the selected determinants have a low prevalence, up to the Gran Chaco region of northern Argentina and Paraguay, confirming that in these remote regions, housing conditions and access to services are poorer. However, this pattern is much less evident in the map of the education variable which shows a focus of low secondary education coverage in the centre of Argentina. Affluent Chile appears to have high access to water and sanitation and low levels of earth floors throughout its territory.
The Andean Countries
The distribution of selected determinants in Bolivia, Colombia, Ecuador and Peru show a mixed pattern. Earth floors and lack of education appears to trace a long strip of high rates along the length of the Andes mountain range with slightly lower rates along the coast and in the Eastern, sylvatic interior (with the exceptions of some pockets of high rates on the Caribbean coast of Colombia). Average residents per household, on the other hand, seems to run from low to high as one goes from West to East, with the exception of Colombia, which also has high rates along its coasts. The pattern of distribution for the water and sanitation variables is less obvious but seems to lie somewhere between these two patterns.
The Atlantic Countries
There is a long swathe of what we will call the Atlantic countries 11 -Brazil, Guyana, Suriname, Trinidad and Tobago (scarcely visible on these maps) and Venezuelafor which no data on floor material were available. However, for the other variables, to varying degrees, a pattern is discernible by which the determinants appear highest in the equatorial regions of Brazil and Venezuela and lowest in the more densely populated and urbanised areas of southern Brazil (particularly in the state of São Paolo) and, at least for the water and sanitation variables, coastal Venezuela. Again, this pattern is least stark for the education variable.
The Mesoamerican countries
For Central America, Mexico and the Dominican Republic, there is a fairly uniform pattern in the distribution of all the indicators, albeit with some minor variations between them. In Mexico there are two foci of high levels of the selected determinants along the Sierra Madre Occidental with more widespread high prevalence in the impoverished Southern states, particularly Guerrero, Oaxaca and Chiapas. However, even in the poorest states of Mexico, the levels of the determinants do not appear as pronounced as they do throughout Central America with the notable exception of the relatively affluent Costa Rica (and, for some indicators, Belize). This difference is most marked for the education and overcrowding variables and least so for access to water. Panama has low levels of determinants in the centre of the country with much higher rates in its eastern and westernmost extremities (particularly in its indigenous Comarcas). There is no obvious pattern discernible in the distribution of determinants in the Dominican Republic.
Geographical distribution of STH prevalence data points
Figs. 6a and 6b show the geographical locations of the data points that make up the two STH prevalence variables. The size of the bar corresponds to the level of prevalence recorded in that location. They illustrate the fact that far fewer estimates of STH prevalence have been taken for preschool-aged children (pre-SAC) than for school-aged children (SAC) Furthermore, almost half of the estimates in pre-SAC come from Brazil and of these, the majority are from the coastal states of the South and show considerable variation in prevalence levels. There are data points for pre-SAC from just 10 of the 22 countries included in the study.
The estimates for prevalence in SAC are far more numerous and consequently more representative of the region as a whole. The variable contains estimates from 14 of the countries included in the study but no estimates were available from Chile, Uruguay, Guyana, Suriname, the Dominican Republic, El Salvador, Panama and Trinidad and Tobago. A little over a third of the total data points are from Brazil and almost half of these are from one state (Minas Gerais). There is a dense cluster of high prevalence estimates coming from Central America, specifically Honduras, from which a disproportionate 33 estimates were taken. The two clusters of higher prevalence estimates in Mexico are from the states of Sinaloa and Oaxaca. Nineteen municipalities had estimates for both age groups
Results of the bi-variate analysis
Simple linear regressions, run in STATA (version 11, Statacorp College Station, Texas) to test the association between each of the five selected determinants and the 11 This is a term employed solely for the purposes of this study and does not reflect the country categorization used by either of the institutions with which the authors are affiliated. SAC, school-aged children; pre-SAC, preschool-aged children two prevalence variables, resulted in P-values for each of these associations which are shown in Table 4 . As is to be expected, the association between the two prevalence variables was highly significant. Furthermore, each of the five variables for the selected determinants were highly significantly associated with each other, lending credibility to the conceptual framework illustrated in Fig. 1 , which states that poverty is an underlying determinant of each of the latent variables for which these indicators are proxies. The indicator of prevalence in pre-SAC did not show a statistically significant association with any of the variables for determinants. This is most likely explained by the fact that this variable had so few observations -just 33. The indicator of prevalence in SAC was associated with the variables for education, overcrowding and sanitation coverage to a high degree of statistical significance. The association was far less strong (though still just significant at the 5% level) for earth floors and for water coverage. In the case of earth floors, this is most likely due to the fact that there was no data on this variable for Brazil, by far the largest country in LAC which accounted for almost half (5,507) of the municipalities in the data set and almost a third of the data points for the prevalence variable. In the case of the water coverage variable, the lack of association is harder to explain. On the basis of these regression results, three variables were subsequently removed from the analysis: STH prevalence in pre-SAC, earth floors and water coverage. In the next stage of the analysis, the remain- ing variables for the determinants were aggregated into a single index in order to capture as much as possible of the socio-economic determinants that determine the risk of STH infection. However, not all of the determinants can count equally towards this index, because they contribute in different degrees towards the outcome -some factors are more proximate than others. Therefore, the determinants needed to contribute to the aggregate indicator in a way that is proportional to their relative proximity within the conceptual framework. Sanitation access needed to be given a greater weight than lack of education which in turn should have a greater weight than overcrowding. An additional problem is that the overcrowding variable is continuous, running from 2.57 to 9.41, while the other two variables are proportions between 0 and 1. The overcrowding variable therefore needed to be weighted even further so that it didn't contribute a disproportionately high amount to the final index. Table  5 shows the weights that were eventually applied to the indicators in aggregating the final index. Overcrowding is weighted in such a way that, though the weight it's assigned is lower than that for education, once all the observations are adjusted by it, the variable's contribution to the final index will be between that of sanitation coverage and that of education. Table 6 describes the STH risk index that resulted from multiplying the values for the observations in each of the three variables by their corresponding weights and summing the results. Even though all of its values lie between 0 and 1 it is not a proportion. Fig. 7 shows the geographical distribution of the STH risk index at sub-national level in LAC. What is most striking about the map is that there are several clear bands of high-risk municipalities -one along the Amazon basin, incorporating parts of Bolivia, Brazil, Colombia, Ecuador and Venezuela and one in the more remote regions of the Central American countries of Guatemala, Honduras, Nicaragua and Panama (areas characterised by large populations of indigenous groups). In addition to these, there are outlying pockets of high-risk in coastal Colombia, Andean Ecuador, in the Gran Chaco region of eastern Bolivia and in Paraguay. In many ways these results are unsurprising as they conform to what is known about the distribution of poverty more generally in the region. Those areas that come out as at high-risk in this model are those that have marginalised populations that experience a lack of access to services. This confirms that STH is indeed a disease of poverty and it lends credibility to the conceptual model for the analysis, according to which, the determinants included in the study are themselves determined by poverty.
Next the association between the STH risk index and the observed (published) prevalence estimates was tested using a simple linear regression in order to validate the index and provide inputs for the prevalence model. The results of this test are shown in Table 7 and show a high level of statistical significance for the association. Fig. 8 shows the predicted STH prevalence estimates plotted against the corresponding value of the STH risk index for those municipalities with the linear regression line and upper and lower confidence intervals. The distribution of the data points on this chart do not immediately suggest a strong association and imply that caution must be exercised when interpreting the results.
Results of the prevalence model
Finally, in order to model the prevalence of STH, the coefficient and constant from the results of the regression for the association between the STH risk index and the published estimates was put into the regression equation, which predicted the STH prevalence y as follows: where α = 0.046, β = 1.355 and x = STH risk index. This formula was applied to the value of the risk index for each of the municipalities in the dataset in order to derive an estimate of the STH prevalence in each one. The resulting predicted STH prevalence variable is described in Table 6 . The frequency distribution of the predicted STH prevalence variable for the municipalities in the data set is shown in Fig. 9 . The distribution is markedly narrow and skewed very slightly towards the higher prevalence levels. 
Estimates of requirements for MDA
The next step in the study was to estimate, given the predicted prevalence of STH, the requirements in terms of financial and other inputs that would be necessary in order to treat the populations of the countries included in the study according to the WHO recommendations. It was possible to calculate the num- ber of MDA rounds that would be required annually in each municipality by applying the thresholds for the treatment categories given by the WHO to the prevalence rates predicted by the model. Municipalities were treated as implementation units for MDA such that those with a predicted prevalence of higher than 50% would require two rounds of MDA annually and those with prevalence 20-50%, just one 12 . We then took data from the censuses on the number of SAC (individuals aged 5-14 years) in each municipality in the database and multiplied that by the number of annual MDA rounds required to arrive at the number of doses of PCT required for MDA annually. We also calculated the estimated number of cases of STH by applying the projected prevalence rate to the number of SAC which, although not strictly relevant for planning MDA, could be a useful figure for advocacy purposes. Calculating the cost of procuring sufficient albendazole for all of the MDA campaigns was then a simple question of applying the unit cost for a single dose to the number of PCT doses required. Guyatt and others found that the price for a 400 mg dose of albendazole is between US$ 0.020 and 0.037 (Guyatt, 2003) . The more recent estimate of US$ 0.02 from Montresor and others (endorsed by the WHO in its most recent deworming guidelines) is consistent with this and with the fact that the cost of anthelminthic drugs has declined over the period since the Guyatt study was carried out (Montresor et al., 2010) . We therefore took the value of $ 0.02 and applied it to the number of PCT doses required. In addition to the cost of procuring drugs for PCT, it was also necessary to estimate the costs of delivering the drugs through a school-based MDA programme (i.e. the programme costs such as training of drug distributors, equipment, staff allowances, etc.). For this we took the average unit cost of US$ 0.58 that was used by Bitrán and others in a previously published costing study (a figure that had been adjusted for each country's gross domestic product at purchasing power parity using a linear model) (Bitrán et al., 2009) 13 . To arrive at the total annual costs of an STH control programme for each municipality, the cost of the PCT drugs was added to the delivery costs. These cost estimates were summed for each country in the study. In addition, it was possible to calculate the estimated national prevalence of STH in SAC by summing the number of cases and the number of SAC for each country and using the former as the numerator and the latter as the denominator.
The results for this stage of the analysis are presented in Table 8 . It is important to remember that the national STH prevalence rates apply only to the SAC population and were calculated taking the sum of the SAC in all municipalities in that country as the denominator and the total estimated number of STH cases in all municipalities in that country as the numerator. As with the results at sub-national level, the distribution of the resulting variable is narrow with the lowest being Trinidad and Tobago at 19.3% -putting the country as a whole just below the 20% threshold for intervention with MDA of PCT -and the two highest being Guatemala and Honduras at 41.8% meaning that no country in the study when taken as a whole falls within the-high risk category. The model predicts that slightly fewer than 30 million SAC in LAC are infected with STH (which itself is an underestimation as it is the sum of the people in that age range reported in different countries' censuses in different years), i.e. 28% of the total population in that age range. The
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This assumes that all no municipalities had implemented deworming previously. In reality, if a program has implemented deworming for more than 5 or 6 years (as is the case for Mexico and Nicaragua, for example), then the thresholds for implementation are different depending on the levels of prevalence found after deworming. The WHO guidelines also recommend that, in implementation units with a prevalence of less than 20%, STH be treated on a case-by-case basis. It would therefore be possible using this model, to calculate the number of PCT doses that would be needed by the health system if every child with STH were to be diagnosed and treated. However, since the purpose of this study is to calculate the requirements for mass drug administration, we took the decision not to include in the calculations, PCT requirements for municipalities that do not meet the 20% threshold for intervention with MDA. STH infections are a problem at community level rather than in individual issue, treating individual cases cannot be expected to have an impact in areas where it is not considered a public health problem. Furthermore, drug donation programmes at global level (albendazole and mebendazole) are focused on supporting MDA campaigns and not individual treatment. 13 Montresor at al. (2010) estimate a far lower figure of US$ 0.033 (range US$ 0.012-0.060) for the financial costs of delivering deworming. However, we opted for the much more conservative Bitran estimate, which has the advantage of having been adjusted for Gross Domestic Product at Purchasing Power Parity (GDP PPP), because the countries from which the Montresor estimates are derived are all either low-or lower-middle-income, none of which are in LAC. One would expect the prices of the labour and inputs for training of personnel, drug transport, social mobilization and monitoring in LAC to be higher than in south east Asia and Africa. Furthermore, several of the programmes from which Montresor and colleagues draw their data are from campaigns that reached between 1 and 2.9 million children and therefore had the advantage of economies of scale. Since this model assumes drug delivery at municipal level targeting numbers of children mostly in the thousands or tens of thousands, the same economies of scale may not be available. model predicts an annual cost for the procurement of PCT of around US$ 1.7 million and a total cost of US$ 47 million for implementing a full MDA program for STH control programme according to the WHO guidelines throughout the entirety of the countries included in the study.
It is worth comparing the results of this model to that of other published models. The WHO estimates the total number of SAC requiring PCT in the Americas as 31,405,298 compared to 78,661,017, a number more than two and a half times higher predicted by this model (WHO, 2011) . This discrepancy may be due to differences in the methodologies of the two studies. The WHO estimates were established based on applying several criteria, mainly using the proportion of SAC without access to improved sanitation facilities and taking into account differences between rural and urban areas as well as availability of prevalence data. Fig. 11a compares the national level STH prevalence predicted by this model to those presented by Hall et al. (2009) (which are those originally arrived at by de Silva et al. (2003) after applying to updated data the methodology originally employed by Chan et al. (1994) ). The figure reveals that the two methodologies result in a similar ranking by prevalence of the countries. Both place Guatemala as at the top of the ranking and Trinidad and Tobago at the bottom and, while there are some significant differences in where in the ranking the methodologies place the countries in between (Nicaragua, Dominican Republic and Chile for example), there seems to be broad similarities in the trend. However, the range of prevalence values in the Hall et al. (2009) is much wider -ranging from (a perhaps implausibly high) 92.6% in Guatemala to 4.5% in Trinidad and Tobago. Our model predicts a more homogenous situation across the countries. Fig. 11b compares the total costs for delivering MDA to the SAC population as predicted by this model with those presented in Bitrán et al. (2009) Guyatt (2003) e Assuming a unit cost of US$ 0.58 per MDA round (i.e. per PCT dose delivered) (Bitrán et al., 2009) .
the other and vice versa (Haiti, Saint Lucia and Suriname were included in the Bitrán model). As mentioned above, these estimates were derived by applying to the population at risk a unit cost for PCT delivery that were based on the cost menu presented in Guyatt (2003) and adjusted by country using GDP PPP and a linear model (Bitrán et al., 2009 ). The total costs for the region calculated by the two models were similar -US$ 40,837,418 calculated by Bitrán and others, compared with US$ 48, 723, 272 by this model. However, the breakdown of these figures by country shows that, while the two models produced almost an identical cost estimate for Brazil and Bolivia, there were considerable discrepancies between the other countries. This model predicts almost half the cost for Mexico, two thirds of the costs for Venezuela and considerably higher costs for Colombia, Ecuador, Honduras and Nicaragua than the other.
Discussion
A study of this scope is prone to many limitations which restrict the interpretation of the results and the uses to which its findings may be put. Here, we list some of these considerations.
The timing of the data
Many of the censuses from which the indicators of the determinants selected were derived date back over 10 years. The past decade has seen great strides in economic development in LAC with corresponding improvements in the living conditions of and the provision of services to the region's population. Therefore, the indicators, and by extension the risk index and prevalence estimates, represent an overestimate of the current situation regarding STH transmission and its determinants. Several of the countries have conducted new censuses since the ones used in the study. However, at the time of writing, the data from these are not publicly available at the level of detail required for this analysis. Furthermore, the censuses of the various countries span a period of 10 years (from Belize's and Trinidad and Tobago's in 2000, to Mexico's and Panama's in 2010). This has implications for the comparability of the determinant data between countries since they refer to different years. Similarly, the prevalence data estimates that made up the other variable in the regression analysis span a period of 15 years from 1995 to 2009. However, it was necessary to take data points from such a wide time period in order to have enough observations in the data set to run the regression. 
Potential biases in prevalence data
A key assumption of the model is that the data points that make up the STH prevalence variable are taken from sites that are representative both of the municipality in which that site is located and of the region as a whole. This assumption is easily challenged. It is extremely unlikely that all of the prevalence data points in the set were derived through methodologies that were explicitly designed to derive a representative estimate of STH prevalence at municipal level. What is more likely is that most, if not all of them, were carried out in particular areas and communities within that municipality. LAC is a region of considerable inequality where poverty and affluence can be found side by side. Even within the same municipalities, there can be big differences in some of the factors that determine the risk of STH infection. Furthermore, there is no reason to suggest that the sites where the prevalence estimates were taken were selected randomly. What's more likely is that many of them were selected either for convenience (proximity to a research institute or university, for example) or due to there already being reason to suspect that STH prevalence was a public health concern there. This would add considerable selection bias to the sample.
Missing data for priority countries
As already mentioned, five countries were excluded from the study due to the necessary data not being available. Two of these, Suriname and Haiti, are in the first of four priority groups proposed by PAHO with regard to NTDs 14 and are thought to have the kind of poor sanitation and living conditions that are conducive to STH transmission (particularly Haiti post-2010 earthquake). With these countries excluded, the model fails to give a complete picture of the STH situation and burden in the region.
Failure to account for ecological and climate data
STH transmission is heavily dependent on certain ecological and climatic conditions. The rates of development and survival of free-living infective stage parasites are influenced by factors such as temperature relative atmospheric humidity and soil moisture that prevail in the surrounding environment (Brooker et al., 2002 . It is thought, for example, that the development of A. lumbricoides and T. trichiura ceases to be viable outside of a temperature range of 5-38°C, as this is what has been observed under experimental conditions . It is likely, therefore, that some areas of Latin America that are particularly arid or prone to extreme temperatures might be unsuitable to sustain transmission of STH (for example at high altitudes in the Andean regions of Peru and Bolivia). Clearly, a model that relies solely on socio-economic data is unable to capture these other determinants of transmission. A next step for the study would be to identify those municipalities that have an average temperature or humidity that is above or below the range in which STH development and survival is viable, so that those municipalities can be excluded from the calculation. A further problem with this approach is that ecological conditions may not be uniform within a single municipality. Geospatial analysis of climate, temperature and ecological variables is usually conducted using satellite data at the level of the pixel, and not at municipality level 15 .
Strength of the association
As already highlighted in the Results section and illustrated in Fig. 7 , although the P-value for the regression of the STH risk index against the STH prevalence variable suggests a strong statistical association between the two, when the one is plotted against the other in a scatter chart, the strength of this association is not obvious.
Assumption of full school enrolment
The costs of delivering MDA calculated here represent estimates for school-based deworming programmes, yet the population in need is defined as the entire school-aged population in the municipality. The model therefore makes the implicit assumption that 100% of the school-aged children are enrolled in the school system and can be reached through this delivery channel. This does not reflect the reality in many countries of LAC where the percentage of SAC enrolled in school can be lower than 60%. However, the results should be interpreted as the upper bound of a range of cost estimates that uses the entire eligible population in its calculation (rather than the reachable population). After all, a child's eligibility for deworming is determined solely by their age and the STH 14 It should be pointed out that the health authorities in Suriname completed a survey of STH and schistosomiasis infection in school-aged children (SAC) across six coastal districts of the country and the inland district of Brokopondo in 2011. The results showed very low prevalence rates, far below the 20% threshold for mass intervention. In due course they will implement a survey in the three remaining districts not included in the first survey to determine whether MDA is required anywhere in the country.
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As in the recent article by Chammartin et al. prevalence in the community in which they live, and not by their school-enrolment status or whether or not they are reachable by the particular delivery channel by which the deworming is distributed.
Given the considerable restrictions identified in this section, it is clear that the results from the tool presented here may only be reliably used in a very limited number of situations. It would not be appropriate, for example, to base programmatic decisions solely on the results of this model, and no model should ever be used as a substitute for an empirical prevalence assessment. However, in spite of these limitations, we are of the opinion that the tool presented here does have many potential practical applications. One of these would be in advocacy. The fact that this model predicts an annual cost of less than US$ 50 million to implement MDA campaigns as part of STH control programs throughout the entire region. (and that this estimate is lent credibility by being in the same order of magnitude as previously published estimates), has the potential to contribute towards galvanizing the public health and donor communities towards taking steps to tackle the issue. In addition, there are several ways in which these total costs might be further reduced. For example, if all the countries in the study were to take full advantage of existing albendazole or mebendazole donation programme, the total cost for the region could be reduced by US$1.7 million. Similarly if national programmes were to capitalise on opportunities to integrate deworming activities into other health service deliver platforms operational costs could be reduced. The model assumes a top-down, vertical control programme of the kind recommended by the WHO. However, if STH interventions were to be embedded in existing programmes (as indeed they are in several countries in LAC), such as primary health care, integrated management of childhood illness, child health weeks, vaccination or nutrition campaigns, etc., considerable savings could accrue. The cost estimates presented here could ultimately be adjusted downward owing to economies of scale through the integration of STH control within the wider national health care systems. It would be challenging to build these kind of cost-saving considerations into the model, however, the fact that the model does break down the total costs into two components -drug costs and operational/delivery costsallows for them to be adjusted separately in order to reflect scenarios like these.
Furthermore, the advantage that this model has over previous attempts is that the estimates can be broken down to national and sub-national level. As we have shown, there is a scarcity of reliable empirical data on prevalence and population at risk of STH in the LAC region. The fact that this tool allows us to say, for any state, department, municipality or district in the region, that given the prevalence of determinants at the time of the last census, it is possible that the prevalence of STH in that unit is around x% (a given percentage, the particular predicted prevalence of any given unit), could be valuable for writing proposals, mobilising resources, calculating sample sizes for prevalence studies and setting control targets in the absence of empirical data. Furthermore, these values can be aggregated, not just at national or first administrative level, but to any group of municipalities that is deemed relevant, using the "pivot chart" function in Excel. As an example of this, Table 9 shows the aggregated values generated by the model when it is restricted to only those municipalities or departments that have been targeted by the Inter-American Development Bank (IDB) for NTD projects.
